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Genetic screens in zebrafish have identified two classes of genes that lead to defects resembling
human holoprosencephaly (Schier, 1997) : mutations leading to cyclopia (cyclopic class) and
mutations affecting the ventral midline of the neural tube and the crossing of retinal axons in the
diencephalon (midline/retinotectal class). Cyclopic mutants such as cyclops, one-eyed pinhead
and squint have ventral forebrain deficiencies, fused eyes or a single median eye. Molecular
studies have indicated that these mutations affect signaling by TGF-beta factors of the Nodal
family (Schier and Shen, 2000). Cyclops and squint encode Nodal-related proteins and one-eyed
pinhead affects an EGF-CFC protein (Feldman et al., 1998; Rebagliati et al., 1998; Sampath et
al., 1998; Zhang et al., 1998; Gritsman et al., 1999). Midline/retinotectal mutants such as sonic
you, you-too and detour affect subregions in the ventral diencephalon. Molecular studies have
indicated that these three genes encode components of the hedgehog signaling pathway: sonic
you disrupts the signaling molecule sonic hedgehog and you-too and detour affect the
transcription factors gli2 and glil, respectively (Schauerte et ., 1998; Karlstrom et a., 1999;
Karlstrom et al., in preparation). | will discusss how Nodal and Hedgehog signaling pattern
vertebrate embryos and discuss the implications for understanding holoprosencephaly.

Feldman, B., Gates, M. A., Egan, E. S, Dougan, S. T., Rennebeck, G., Sirotkin, H. I., Schier, A.
F., and Talbot, W. S. (1998). Zebrafish organizer development and germ-layer formation require
nodalrelated signals. Nature 395, 181-5.

Gritsman, K., Talbot, W. S., and Schier, A. F. (2000). Nodal signaling patterns the organizer.
Development 127, 921-932.

Gritsman, K., Zhang, J., Cheng, S, Heckscher, E., Tabot, W. S,, and Schier, A. F. (1999). The
EGF-CFC protein one-eyed pinhead is essentia for nodal signaling. Cell 97, 121-132.

Karlstrom, R. O., Talbot, W. S., and Schier, A. F. (1999). Comparative synteny cloning of
zebrafish you-too: mutations in the Hedgehog target gli2 affect ventral forebrain patterning.
Genes & Development 13, 388-93.

Rebagliati, M. R., Toyama, R., Haffter, P., and Dawid, |. B. (1998). cyclops encodes a nodal-
related factor involved in midline signaling. Proc Natl Acad Sci U S A 95, 9932-7.

Sampath, K., Rubingtein, A. L., Cheng, A. M., Liang, J. O., Fekany, K., Solnica-Krezd, L.,
Korzh, V., Hapern, M. E., and Wright, C. V. (1998). Induction of the zebrafish ventral brain and
floorplate requires cyclops/nodal signalling. Nature 395, 185-9.

Schauerte, H. E., van Eeden, F. J., Fricke, C., Odenthal, J., Stréhle, U., and Haffter, P. (1998).
Sonic hedgehog is not required for the induction of medial floor plate cells in the zebrafish.
Development 125, 2983-93.

Schier, A. F. (1997). Genetics of neural development in zebrafish. Current Opinion in
Neurobiology 7, 119-26.

Schier, A. F., and Shen, M. M. (2000). Noda signalling in vertebrate development. Nature 403,
385-389.

Zhang, J.,, Tabot, W. S., and Schier, A. F. (1998). Positional cloning identifies zebrafish one-
eyed pinhead as a permissive EGF-related ligand required during gastrulation. Cell 92, 241-51.



Reviews:
Schier, A.F. and Shen, M.M. (2000). Nodal signalling in vertebrate development. Nature 403,
385-389.

Burdine, R.D. and Schier, A.F. (2000). Conserved and divergent mechanisms in left-right axis
formation. Genes & Development 14, 763-776

Schier, A.F. (2001). Zebrafish axis formation and patterning. Curr. Opin. Genetics and
Development 11, 393-404.

Origina Articles:

Karlstrom, R.O., Tabot, W.S., and Schier, A.F. (1999). Comparative synteny cloning of zebrafish
you-too: mutations in the hedgehog target gli2 affect ventral forebrain patterning. Genes &
Devel opment 13, 388-393.

Gritsman, K., Tabot, W.S. and Schier, A.F. (2000). Nodal signaling patterns the organizer.
Development 127, 921-932.

Chen, Y. and Schier, A.F. (2001). The zebrafish nodal signal squint functions as a morphogen.
Nature 411, 607-610.



